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The computerprogram FEMSAT ( Finite Element Model -for Saturated 
Groundwater Flow ) is a model to simulate hydraulic heads and flows 
for a region. A schematization in waterbearing- and less-permeable 
layers is required. The extended and modified program is presently 
avai1 able. 
The extensions and modifications include the change from an explicit 
to an implicit calculation scheme, options to include different type 
of interactions with the surface water system, capillary rise and 
net rainfall. For the output of the results one can choose between 
results per node or per subregion and the posibility to limit the 
output in various ways. 
With a separate contouring program, one can plot the calculated 
hydraulic heads for any time or the change from the beginning. A 
structure of the groundwater models is shown in figure 1. 
For steady groundwater flow the program FEMSATS is available and for 
unsteady flow calculations the program FEMSAT ( FORTRAN 77 ) . Both 
programmes require virtually the same input data, so one can easily 
change from steady to unsteady flow calculations. 
In Part 1 ( QUERNER, 1984 ) the calculation method is described. 
The adopted calculation scheme, the derivation of the general 
equation of motion for groundwater flow, and the boundary conditions 
are dealt with. In Part 2 the user's manual for FEMSAT and FEMSATS 
is described. 
This working paper will discuss in detail on how to use the program, 
the required input, its possibilities and limitations. For using 
the programmes FEMSAT and FEMSATS one requires a schematization of 
the groundwater system in a number of layers. For each layer 
geohydrological information is required such as hydraulic 
conductivity, vertical resistance, layer thickness, specific yield, 
specific storage, etc. On the boundary of the system a flux or 
hydraulic head must be specified. The region to be modelled is 
subdivided into finite elements. Of this network the geometry is 
needed in the form of coordinates and groundlevels. The interaction 
with the surface water system and the unsaturated zone requires 
relations as a function of groundwater depth. 
In Chapter 2 the calculation method is summarised, as a guide when 
collecting the input data for the program. All the possibilities of 
the program can be selected by setting nine option parameters. 
These are discussed in Chapter 3 together with the restrictions of 
the program. Also in Chapter 3 the printed output of data and 
results is discussed and the possibility to limit this output. All 
the checks which are performed by the program on the input data and 
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during the running are also given in Chapter 3. 
In Chapter 4 the required data to run the programmes FEM5AT and 
FEMSAT5 are given. Per record the variables, the •format, and its 
function is discussed. First for the unsteady flow program and 
subsequently the difference when using the steady flow program. 
In Chapter 5 auxiliary programmes are discussed for the creation of 
file with contact points and the plotting of results. 
The computing time for a problem can be determined with the 
information given in Chapter 6 ( VAX-11/750 ) . 
An example of a groundwater flow problem and the way to analysise 
this with FEMSAT is given in Chapter 7. The required input of data 
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2. CALCULATION METHOD 
2.1. Equation of (notion 
The program FEHSAT was originally based on an explicit calculation 
scheme which means that all external flows imposed on a layer used 
for the calculations at a certain timestep were taken from the 
previous timestep. 
The external flows such as a flux to the surface water system or 
capillary rise are actualy dependeble of the unknown hydraulic heads 
at the present timestep. 
In an implicit method all factors affecting the flow at a certain 
time level are used to calculate the flow at that particular time 
level. The Crank-Nicol son approximation introduces a central time 
difference and uses in addition to the flows from the present time 
level the flows from the previous time level ( see figure 5 ) . This 
method is in general unconditional stable and will not impose 
restrictions on the timestep to be used. 
For the derivation of the equation of motion the solution domain is 
divided into a finite number of elements. Each element can have a 
triangular or quadrilateral shape. The nodes are representative for 
a certain area surrounded by it. 
The method assumes that groundwater is flowing in waterbearing 
layers in horizontal directions and vertical in less-permeable 
layers. The finite element network is taken identical for each 
layer to be modelled. The nodes in each layer are positioned in the 
middle of it. 
The equation of motion can be obtained by considering an aquifer 
layer with a node i and applying the principle of conservation of 
mass and momentum. 
Unsteady flow conditions will indicate that during a time interval 
from t to t + At a quantity of water will flow to or from node i. 
The amount of water involved will result in a rise or fall of the 





+ (i-e) I Q - . + Q 
J ij e 
(1) 
where e is a weighting parameter between the time levels t and 
t + A t and B. is the storage factor for node i. The term Q.. is 
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•flow •from node j to node i and D is the external •flow. 
e 
Equation (1) can be written as : 
Ah. 
B. _ i - Yqt. + qt
 + 
i At v^ij x e 
J 
£AQ..+ — £ Ah. 
. ij dh. l 
(2) 
assuming that : 
Q t + A t - QZ + AQ o (3) 
and 
h t + A t = h ' + Ah (4) 
The first two terms on the right hand side of equation (2) 
represents the flows to or from node i at time t and the third and 
fourth term are the actual change in flow over the considered 
tifiiestep. 
The equation of motion for the flow between node i and adjacent 
nodes j in the same layer, can be written as : 
lQ< ij [A..(h.-h.) j iJ J i (5) 
where the matrix A., contains the conductivity parameters for 
il horizontal flow in a waterbearing layer. Between two nodes the flow 
is linear related to the difference in hydraulic head. Equation (5) 
can therefore also be used to define a change in flow given the 
changes in hydraulic head between two adjacent nodes. The flow 
towards a node is assumed as positive and from a node as negative. 
The term Q is the summation of all boundary flows of the node under 
consideration. This can be a discharge/recharge, leakage, flux 
to/from the surface water system or a flux to/from the unsaturated 
zone. 
For equation (2) one can write the boundary flows as a function of 
the phreatic waterlevel h^, except for the recharge,discharge or 
nett rainfall. The level dependeble relations are often non-linear, 
but linear relations are required for the general equation of 
motion. A linearisation technique has been applied, where a 
non-linear relation is replaced by a series of linear relations. In 
figure 2 an example is given of such a linear relation. 
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The external flow is composed of the •following flux terms 
Q = A (q +q +q,+q ) + Q. (6) 
In paragraph 2.2. the equations for all the boundary flows Mill be 
di scussed. 
For the calculation of steady flow the storage factor is not 
included. The hydraulic head for node i can also be written in a 
simillar manner as for the unsteady flow situation, except that now 
the final hydraulic head as such is calculated and not a certain 
change over a tinestep. 
The continuity equation becomes now : 
iQij • Qe - o (7) 
All flows to or from node i from the surrounding nodes j in the same 
layer must be equal to the external flow. Equation (5) can be 
substituted into the above equation, which results in : 
£A..(h.-h.) + Q = o j ij J i y e (8) 
The equations for steady or unsteady flow are solved with the 
Gauss-Seidel iterative method with successive over-relaxation. An 
over-relaxation factor accelerates the iteration process ( see 
paragraph 2.3. ) . 
With the change of hydraulic head over a timestep the actual 
hydraulic head is calculated with equation (4). 
2.2. Boundary conditions 
The interaction between the surface water system and the groundwater 
system is modelled by means of socalled tertiary and secondary 
systems. 
The tertiary system consists of shallow ditches, sometimes filled 
with water and only present in the toplayer of the groundwatermodel. 
The secondary system consists of channels, commonly filled with 
water and they can protude into deeper layers. 
The tertiary system is often present and a secondary system only in 
special cases. The tertiary system is therefore from now on called 
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the surface water system. 
The relations which govern the flows for these two types are 
discussed below. 
2.2.1 Surface water system 
For the discharge to the surface water system one can use two type 
of relations : 
1 - discharge dependent on groundwaterdepth only 
2 - discharge dependent on difference between hydraulic head 
and the open-water level in the ditch 
A non-linear relation such as show in figure 2 must be linearised. 
This relation is therefore replaced by a series of linear relations 
such as shown in figure 2. The equation for each linear relation 
becomes : 
q t = a t • B t(h g-h.) (9) 
The relation as defined by equation (4) can include the discharge to 
the secondary system ( toplayer ) . 
A relation as proposed by ERNST ( 1978 ) and given in figure 3 can 
be selected as a relation in the computerprogram by using the 
appropriate option. Other relations can be defined by given N-times 
a q and h value, resulting in ( N-l ) linear relations. 
r 
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Figure 2 - Typical relation between discharge and groundwater 
depth 
Figure 3 - Relation between groundwater discharge and 
groundwater depth as proposed by ERNST ( 1978 ) 
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For the second type of relation the equations become 
q t - S t(h t-h.) 
where 
ß t = -1/aT 
(10) 
(11) 
in which h is the water- or invertlevel in the surface water 
system, a is a geometry factor to convert the hydraulic head midway 
between two ditches to the average hydraulic head, and T is the 
drainage resistance. 
The geometry factor a can vary between 0.65 and 1.0 . The lower 
limit is for a pure parabolic change in phreatic waterlevel near the 
ditch. A value of 0.8 is used in the program. 
ERNST gave a general relation for the drainage resistance dependent 
on the groundwater depth as : 
T. = 69 + 100(h -h.) + 350(h - k ) i g x g V 
4.75 (12) 
For the calculation of the drainage resistance the hydraulic head 
from the previous timestep is used. 
2.2.2 Secondary surface water system 
For the secondary surface water system the equation per unit length 
of ditch is : 
% • w v 
and 
(13) 
s ~ R + R 
r e 
(14) 
The radial resistance R can be written as : 
r 




. a d 
1 , s 
—r l n - ? r -Tik TTP 
(15 ) 
in which k is the hydraulic conductivity, d is the thickness of the 
saturated layer close to the drainage layer, P is the Netted 
perimeter of the channel and a is a coefficient depending on size 
of the channel. If the channel is small ( depth less then 2.50 m ), 
then a is 4.0 - 5.0, and for larger channels c*s is 6.0 - 7.0. The 
upper limit can be selected for empty stage and the lower liir.it for 
bankfull channels. 
The wetted perimeter P can be calculated from field data or with an 
emperical relationship, such as : 
P - B, + 
b 2y Vo. 09 D + 1 (16) 
where B, is the bottomwidth, y is the waterdepth in the channel and 
D is the depth of the channel. 
The entrance resistance R is strongly dependent on local conditions 
and cannot be calculated explicitly, but must be measured on site 
and required as input. 
2.2.3 Leakage 
If Ne consider an water bearing layer enclosed between two 
less-permeable layers, then the change in vertical flux for layer L 
can be written as : 
h. ,., - h. h. - h. 
1,1+1 l 1,1-1 l 
q l ~ 0.5c, ,., 0.5c. (17) 
"i,l+I "i.1-1 
where c is the hydraulic ( vertical ) resistance of the 
less-permeable layer and defined as : 
d. 
l 




where d is the vertical thickness of the layer and k the hydraulic 
conductivity. 
If between two aquifers the aquitard is missing, then equation (})) 
cannot be used two calculate the flux between the two aquifers. 
These two layers at node i will then be considered as one layer with 
adjacent nodes in the two separate layers. The program assumes that 
the C-layer is not present when the hydraulic conductivity is less 
then 10. This situation may only occur in certain nodes in the 
C-layer. 
2.2.4 Capillary rise 
The flux depends on the groundwaterdepth and the porosity of the 
unsaturated zone. Therefore the relation for the capillary rise is 
non-linear, but must be given as input in a linearised form. The 
capillary flux for each depth zone can be written as : 
q = a + ß (h -h.) 
^c c c g 1 (19) 
2.3. Over-relaxation 
During the iteration process one can decrease the number of 
iterations by using an over-relaxation technique. The calculated 
change in hydraulic head for the considered timestep at iteration 
number n is modified by considering the change from the previous 
iteration. 
The two methods of over-relaxation are a constant multiplication 
factor per timestep and a factor which is dependeble on the ratio 
old-new head. The equations can be written as : 
Ah? = Ah?" 1 + W(Ah n -Ah n _ 1 ) 










Equation (21) is combined with : 
Ah? = e KAh n l + ( 1 - e j A h n _ 1 <22) 
i h i h i 
in which n is the iteration at present considered and N is the 
relaxation 'factor or acceleration parameter. The value of W depends 
on the size of the solution domain and the actual maximum changes in 
the hydraulic heads per iteration and can vary between 0 and 2. For 
the first iteration W = 1.0 and for the second iteration as 1.375. 
For successive iterations the relaxation factor stays the same or 
changes, this depends on the results of the calculation and is 
automaticly done by the program. 
Equation (22) has been included after the over-relaxation has been 
done to smooth the changes, otherwise with great changes in the 
hydraulic head between the iterations the over-relaxation becomes 
rather big. The weigthing parameter 6- has been set to 0.7 in the 
programmes FEMSAT and FEMSATS. 
Comparing the number of iterations between the two methods of 
over-relaxation resuls in 10 - 15 X less iterations when using the 
ratio factor. Also the ratio factor is unconditional stable, which 
is not always true when using the constant factor. Here the maximum 
change in hydraulic head between two successive iterations becomes 
sometimes a little bit greater instead of smaller. Then the last 
iteration is repeated again with a relaxation factor which is 0.8 
times the factor used last. 
The method of over-relaxation to be used by the program can be 




3.1. Calculation and print options 
Nine different options can be selected by the user to define certain 
type of conditions, calculations, or output. They are discussed 
here in the same sequence as required to be given as input in the 
option-record. 
Over-relaxation 
The over-relaxation factor is important for the rate of 
convergence. With an optimum value of the over-relaxation 
factor the program requires on average less than half the 
number of iterations as compared to without an 
over-relaxation factor. The two methods of 
over-relaxation are discussed in paragraph 2.3. One can 
chose between the use of the constant factor or the use of 
the ratio factor. 
Save results for time graphs 
Results of certain nodes or subregions can be made visible 
as time-hydraulic head graphs. In the program the results 
are written to file. With seperate programmes, as 
discussed in Chapter 5, these results can be plotted or 
made visible on a grafical display unit. 
Printed output 
The way to controll the amount of printed output of data 
and results is discussed in detail in paragraph 3.5. 
Subregion node numbers 
If the node numbers per subregion are given as input in 
your datadeck, it can be indicated by this option. If 
another option requires information on subregion level, or 
you want results per subregion then the node numbers are 




Results per node or region 
If one wants the results of hydraulic heads and flows per 
node or per subregion it can be set by this option 
parameter. For a full description on the May to controll 
the printed output see paragraph 3.5. 
Ani sotropy 
The properties o-f the soil as to anisotropy must be 
defined here. If no anisotropy is present, one must give 
the conductivity, that is valid in all directions 
( anisotropy-record ). If anisotropy is present, then the 
first and second principal conductivity must be given. 
The angle between the first principal conductivity and the 
X-coordinates is also required. 
Also one can set this option, indicating that the soil 
properties are the same for an entire layer or the same 
per subregion and layer. 
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Figure 4 - Typical representation of discharge to surface water 
system 
Secondary surface water system 
The inclusion of the secondary surface water system can be 
set by this option. Equation (13) is used to calculate 
the discharge. 
Capillary rise 
For the capillary rise one can have a constant, or a flow 
rate that is dependeble on the groundwater depth. A 
si mi liar procedure as for the relation of the discharge to 
the surface water system must be followed. 
Rainfall 
This option is set by the program, if one includes 
rainfall as time dependent input, or must be set in your 




The option parameters are summarised below and the values to be 
given in the option-record. 
ICON - 1 = over-relaxation factor constant for all nodes 
2 = over-relaxation factor per node as ratio old/new 
hydraulic head 
IPLR - 1 = write hydraulic heads to file for specified nodes 
( see plot-record ) 
2 = write hydraulic heads to file for specified subregions 
IPRI - 1 = only general input data is printed 
2 = limited output of the input is printed 
3 = output of all input data and certain calculated main 
( initial ) variables 
I REG - 0 = no data for subregions 
1 = input of node numbers per subregion 
1RES - 1 = output results per node ( for optional interval see 
the critria-record ) 
2 = output results per subregion 
IAN5 - 1 * no anisotropy and data per layer 
2 s anisotropy and data per layer 
3 = no anisotropy and data per subregion and per layer 
4 = anisotropy and data per subregion and per layer 
5 = no anisotropy and data per node and per layer 
6 - anisotropy and data per node and per layer 
ISURF - 0 = no surface water system 
1 = default relation for discharge to the surface water 
system ( figure 2 ) 
2 = input data for relation of discharge per subregion 
3 = input data for relation of discharge for entire area 
4 = surface water system present - drainage resistance 
dependent on groundwater depth and calculated with 
equation (12) 
5 = surface water system present - input constant drainage 
resistance ( node-record ) 
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ISEC - O = no secondary surface water system 
1 = secondary surface water system present 
ICAP - 0 = no capillary rise 
1 = constant capillary rise per subregion 
2 = variable capillary rise per subregion 
3 = constant capillary rise for entire area 
4 = variable capillary rise for entire area 
IRAIN - 0 = no initial rainfall data 
1 = rainfall data for entire area ( only rain-record for 
steady flow ) 
3.2. Weighting parameter 
The general equation of motion as discussed in paragraph 2.1. is 
based on an implicit calculation scheme, with a central time 
difference. This is often referred to as the Crank-Nicholson 
approximation. By this method all factors affecting the flow at a 
certain time level are used to calculate the flow at that particular 
time level. In addition it uses also the flows from the previous 
time level ( s e e figure 5 ) . 
The Crank-Nicholson approximation is in general unconditional stable 
and will not impose restrictions on the timestep to be used. This 
means that errors which are introduced by round-off and 
approximation do not grow with time. Nith a value of 0.50 for the 
weighting parameter the stability is marginal, but there is a 
maximum accuracy. If one takes 0.S5 the stability condition is 





( Crank-Nicholson approximation) 
At 
Figure 5 - Implicit calculation scheme 
3.3. Time dependent variables 
The time dependent input is only required for the calculations with 
program FEMSAT, in the case of unsteady flow. 
The time dependent input must be given in sequential order of time. 
From that particular time the new data will be effective. One has 
to fit these times in such a way that they coincide with the 
calculation time controlled by the timestep. If it is found by the 
program that the time for new input does not fit the calculation 
time, then the time for new input is advanced or delayed to fit the 
calculation time. The closest calculation time is then selected, 
and a note concerning this is printed on the output. 
The input data that can be included in your datadeck for the program 
FEMSAT is discussed below. 
Hydraulic head 
One can set the hydraulic head to a preset value or 
cancell a previous set value. If one sets the hydraulic 
head, the value should not be to much different from the 
value it has at that particular moment. Otherwise 
instability may occur if the value is changed to a great 
extend. The program checks the difference and accepts a 
difference of 1.50 m or less. If this situation is 
expected to occur, then one should change the hydraulic 






The discharge or recharge at an internal node point or on 
the boundary can be prescribed or a previous set value can 
be cancelled. 
New waterlevel in secondary system 
A new waterlevel at a node can be introduced. 
New waterlevel in surface water system 
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Plot of results 
Rainfall 
For the time given a plot-file will be created with the 
name FEMSAT.PLn ( n is number in order 1, 2, .. ) , to 
which the results will be written. One can select the 
actual hydraulic heads or the change from the beginning. 
The present program can create a maximum of nine files for 
results to be stored. 
For the program FEMSATS the final results can be written 
to file for subsequent plotting of isolines. 
Rainfall can be started at a certain time or stopped. 
3.4. Restrictions on use computerprogram 
There are certain restrictions on the use of the program. For most 
of these restrictions, checks have been included in the program 
which give a warning or stops the program. These restrictions are 
summarised below. 
Number of layers <= 5 
Bandwidth < = 10 
Time interval for printing results ( days ) < 100 
nodes skipped while printing node results < 75 
Maximum number of iterations per timestep < 40 ( FEMSAT ) 
< 250 ( FEMSATS ) 
Number of points for relation of surface flux <= 11 
Number of points for relation of capillary 
rise <= 6 
The same sequence of node numbers as given in the node-records must 
be preserved for the head-records, the anisotropy-records and for 
the contact points. 




anisotropy-record if so required ( IANB = 3 or 4 ) 
Two water bearing layers must be separated by a less-permeable 
layer. For certain nodes the less-permeable layer may not be 
present. 
No boundary flux can be prescribed for an aquitard. 
3.5. Printed output 
3.5.1 Input data 
The printed output of data is controlled by the option I PR I. There 
are three different stages each giving an aaount of information. A 
low value of the parameter gives little information. 
Which information is included where, is given in the table below. 
The items under A are input data and under B are calculated 
variables from the input data. 
Table 2 - Printed data 
Type of data Value of IPRI 
1 2 3 
General data 
Node point data 
Conductivity param. 
Subregion numbers 
Node numbers per element 
Surface water system 
Relations for surface 
water system 









The results of the calculations can be given per node or per 
subregion. For both ways one can set an interval between results 
( days ) . .Only for those times corresponding to the time interval, 
results will be printed. If one sets the interval smaller then the 
initial timestep, than for all timesteps the results will be 
printed. These aspects are only relevant for unsteady flow 
calculations. 
For the printed output per node one can skip a certain number of 
nodes. For those nodes only, the results will be printed. 
The calculated heads are average values representative for the area 
of a nodal point. The area goes as far as half way the surrounding 
points. 
3.6. Error messages 
The actual error messages given by the program are given below. 
OPEN - ALL FILES COULD NOT BE OPENED - IOS = 29 PROG. 
STOPS 
The parameter IOS gives an indication on the type of 
error < file locked by other user or file could not 
be found). Refer to your reference manual for the 
interpretation of this value. 
READ DATA - TYPE OF DATA RECORD INCORRECT, IT IS : «TIME, IT 
REQUIRES TO BE : *6NRL RECORD 
READ DATA - NUMBER OF REGIONS = 12 BUT OPTION PARAMETER IREG = 
READ DATA - OPTION PARAMETER NO : 3 HAS INVALID VALUE OF : 5 
Value given is out of range ( for parameter number 
see Option-record. 
READ DATA - BOTTOM LAYER MAY NOT BE A C-LAYER 
READ DATA - NO SUB-REGION DATA GIVEN, BUT OPTION PARAMETER NO : 
2 WITH VALUE : 2 REQUIRES SUB-REGION INFO 
READ DATA - TOTAL NUMBER OF NODES IN SUBREGION-RECORDS = 8ß 
TOTAL NUMBER OF NODES = 89 ? 
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READ DATA - NO OF RELATIONS FOR DISCHARGE TO SURFACE WATER SYSTEM 
IS : 13 NOT ACCEPTABLE ( MAX=11 ) 
READ DATA - NO OF RELATIONS FOR CAPILLARY RISE IS : 8 NOT 
ACCEPTABLE ( MAX=6 ) 
READ DATA - RELATIONS FOR CAP. RISE ( H(l) OR Q(LAST) ) OR 
SURF. WATER SYST. ( H U ) ) NOT ZERO 
READ DATA - NUMBER FOR SUBREGION IS OUT OF SEQUENCE, IT IS : 8 
IT SHOULD BE : 9 
Sequence of subregion numbers used in subregion-record 
should also be used in conductivity-record. 
READ DATA - NODE : 28 WATERLEVEL : 1910 CM BELOW BOTTOM 
DITCH ( INVERT = 1930 CM ) 
READ DATA - THE BANDWITH OF : 12 IS NOT LESS OR EQUAL 10 
To many adjacent nodes. 
READ DATA - ANISOTROPY , NODE NUMBER : 28 NOT IN CONSECUTIVE 
ORDER WITH EXTERNAL NUMBER : 38 
Use in anisotropy-record the same node number sequence 
as used in node-record. 
READ DATA - CONTACT POINTS , NODE NUMBER : 28 NOT IN CONSECUTIVE 
ORDER WITH EXTERNAL NUMBER : 38 
Use for contact point records the same node number 
sequence as used in node-record. 
READ DATA - INITIAL HEADS - NODE NUMBER : 28 NOT IN CONSECUTIVE 
ORDER WITH EXTERNAL NUMBER : 38 
Use for initial heads records the same node number 
sequence as used in node-record. 
UNSTEADY DATA - NODE : 36 NOT FOUND IN ARRAY WITH EXTERNAL 
NODE NUMBERS 
In time-record B a node number is given which is 
not used in node-record. 
UNSTEADY DATA - LAYER : 3 NODE : 56 NO BOUNDARY FLUX IN 
C-LAYER POSSIBLE 
RUN TIME ERROR - ELEMENT NO : 25 , CORNER NODE : 16 NOT FOUND 
IN ARRAY WITH EXTERNAL NODE NUMBERS 
In element-record a corner node is given which is 
not specified in node-record. 
RUN TIME ERROR - CONTACT POINT : 28 NOT FOUND IN ARRAY WITH 
EXTERNAL NODE NUMBERS 
In contact point-record a corner node is given 
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RUN TIME ERROR 
which is not specified in node-record. 
NODE : 6 NOT FOUND IN ARRAY WITH EXTERNAL 
NODE NUMBERS ( SUBREGION- OR PLOT-RECORD ) 
A node is given which is not specified in 
node-record. 
RUN TIME ERROR -
RUN TIME ERROR 
FOR NODE : 27 THE AREA IS : -10 ( NOT 
ACCEPTABLE ) 
Check the numbering in the element-records of 
nodes in the vicinity of the specified node. 
Node numbering must be anti-clockwise or 
elements may be present with angles greater then 
ninety degrees. 
IT IS BETTER TO STOP NOW BECAUSE OF NO 
CONVERGENCE 
RUN TIME ERROR MAX. NUMBER OF ITERATIONS PASSED 
3.7. Contact points 
The program requires a file with data given the contact points. 
This means that for each node point the file contains the 
surrounding node points ( points j connected to point i ) . With the 




4. DESCRIPTION OF INPUT DATA 
For the internal operation of the program, three •fundamental sets of 
data are required in addition to control parameters. 
They are : 
1. node and element characteristics 
2. boundary conditions 
3. time dependent data 
To construct a finite element model for a specific problem, we must 
draw to scale a plan of the area to be analysed. After the geometry 
has been sketched, we define the points along the boundary and in 
the interior. Nodes should be more closely spaced in regions where 
the hydraulic head is expected to change much. 
In paragraph 4. 1. 1 to 4.1.6 the required data for the unsteady flow 
program is given. In paragraph 4.2. the difference in input data 
for the steady flow situations, where it differs from unsteady flow 
calculations, is given. 
4.1. Unsteady flow ( FEKSAT ) 
The required data for running the program must be placed in four 
different files. The results are written to a maximum of four files 
depending on the required output. The file names for the input with 









Time dependent data 


























plot data for isolines 
data for time-hydraulic head graphs 
Version 2.1 
Feb. 1966 
4.1.1 General data 
File-record 
Record to give filename for geohydrological data, the initial heads 
per node, and the filename for the contact points. 













name of record - «FILE 
filename with geohydrological data 
filename with initial heads 
filename for contact points 
Remarks 
1 - The file with hydrological data and contact points must be 
always present. 
2 - If no filename for the initial heads is given, then the program 
assumes the heads to be zero ( calculation in superposition ). 
Heading-record 
Record to give project name and other text to distinguish the 
calculation results from each other. Two records are required. 
column format name description 
1- 5 A5 TEXT name of record - »HEAD 
11-80 A70 HEAD«) title for calculation results 
Remark 
1 - There must be always two records even if not required. 
i J 
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Number-record 
Record to input the number of nodes, elements, layers, subregions, 
the node interval while printing results, and the maximum number o-f 
iteration per timestep. 



















name of record - «GNRL 
number o-f nodes 
number of elements 
number of layers 
number of subregions 
interval between nodes for printing 
results 
36-40 15 MAX IT maximum number of iterations per 
timestep ( def. 40 ) 
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Cri teria-record 
Record with time criteria and tolerance in head per timestep, 























name of record - *BNRL 
time to start execution (d) 
initial time interval (d) 
maximum time (d) 
time interval for printing 
results (d) 
maximum tolerance in head per 
node ( def. 0.001 ) (m) 
weighting parameter < def. 0.55 ) 
Remarks 
1 - For the discussion on the advised timestep to be used, see 
paragraph 3.3. 
2 - For the value of the weighting parameter see paragraph 3.2. 
( in general use 0.55 ) . 
3 - For the tolerance a value between 0.01 and 0.001 is common. 
the first value in the case of testing the program and for 






Record with options to controll various activities of the programme, 
such as printing output, subregions, surface water system, etc. 












































- save results for time-head graphs 
- type of output - data and results 
- subregions 
- output of results per node or 
subregion 
- anisotropy 
- surface water system 
- secondary system 
- capillary rise 
- not as input data 
Remarks 
1 - The error messages of the option refer to the numbers given in 
the description. 
2 - A full description of the option parameters and their meaning 
is given in paragraph 3.1. 
3 - The amount of printed data and results is described in paragraph 
3.5.1 and 3.5.2. 
4 - If the parameter is not given in your data deck the program 
takes the standard option. 
5 - The standard options are : 
ICON = 1 
IPLR = 0 
IPRI = 1 
IREG = 0 
1RES = 1 
IANS = 1 
ISURF = 0 
ISEC = 0 
ICAP = 0 




Record to give information on type of layer ( aquifer or aquitard 




















name of record - «GNRL 
code for toplayer 
code for second layer 
code for third layer 
code for fourth layer 
code for fifth layer 
Remarks 
Code to define type of layer : 
0 = aquifer 
1 = aquitard ( C-layer ) 
Two aquifer layers must be separated by an aquitard. 
The lowest layer nay not be an aquitard. 
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Plot-record 
Record to give number of nodes or subregions, the actual nodes or 
subregions and the layer numbers from which the results «ust be 
written to file. Subsequent these results can be plotted with 
programmes as discussed in Chapter 5. 
Record A 
column format name description 
1- 5 A5 TEXT name of record - «PLOT 
11-15 15 NUMP total number of nodes or subregions 
21-25 15 N U M P R O node or subregion number 
66-70 15 N U M P R O node or subregion number 
Record B 
column format name description 
1- 5 A5 TEXT name of record - «PLOT 
21-25 15 N U M P L O layer number 
66-70 15 N U M P L O layer number 
Remarks 
1 - The maximum number of nodes or subregions for writing results 
is 35. 
2 - Per record A and B ten node-, subregion-, or layer numbers can 




Subregion-record ( IREG = 1 ) 
Records to include the subregion numbers and the actual node numbers 
per subregion. 
Record A 
column format name description 
1- 5 A5 TEXT name of record - «SREG 
6-10 15 N P S U B O subregion number 
11-15 15 NTOT total number of nodes in subregion 
Record B 
column format name description 













66-70 15 N R S U B O node number 
Remarks 
1 - Per record B, fiftheen node numbers can be given. Use as many 
records as required. 
2 - Records A and B must be repeated for every subregion ( number 




4.1.2 Boundary conditions 
Surface-record ( ISURF = 2 or 3 ) 
Records to define relations for flux to surface water system. This 









N S W S O 
description 
name of record - «SURF 
number of points for q-h relation 
( max. 11 ) 
Record B 
column format name 










name of record - «SURF 
depth below groundlevel ( h=0.0 ) (m) 
2nd groundwater depth (m) 
66-75 F10.0 HSWSO 7th groundwater depth (m) 
Record C 
column format name 










name of record - «SURF 
discharge for 1st depth (mm/d) 
discharge for 2nd dept (mm/d) 





1 - Use second record for 8th to 11th groundwater depth and 
discharge if required. 
2 - The -first discharge must be given for zero groundwater depth. 
3 - A discharge to the surface water system is negative when it is 
drainage, and positive when it is sub-irrigation. 
4 - The relation entered in this record may contain drainage as weil 
as sub-irrigation. 
5 - Repeat record A-C for every subregion if the flux to the surface 
water system is different for every subregion ( ISURF = 2 ) . 
6 - For information per subregion use the same sequence of numbers 




Capillary rise-record ( ICAP = 1 - 4 ) 
Records to define relations for the capillary rise. 










C C A P O 
C C A P O 
descripti on 
name of record - *CAPR 
capillary rise for entire area or 
1st subregion (mm/d) 
capillary rise for 2nd subregion 
( m m / d ) 
66-75 FIO.O CCAPO capillary rise for 7th subregion 
(mm/d) 
Remarks 
Use as many records as required to give for each subregion a 
constant capillary rise ( ICAP • 1 ) . 
Give only one value and valid for entire area if ICAP - 3. 
Capillary rise has negative values. 









N C A P O 
description 
name of record - *CAPR 
number of points for q-h relation 





cel uirin •format name 










name of record - «CAPR 
1st groundwater depth ( h a0.0 ) (m) 
2nd groundwater depth (m) 
56-65 F10. 0 H C A P O 6th groundwater depth (fit) 
Record C 
column •format name 










name of record - «CAPR 
flux for 1st depth (mm/d) 
flux for 2nd depth (mm/d) 
56-65 F10.0 QCAPO flux for 6th depth (mm/d) 
Remarks 
1 - The first flux must be given for zero groundwater depth and 
for the last depth the flux «iust be zero. 
2 - Capillary rise has negative values. 
3 - Repeat record A-C if relations for the flux are required per 
subregion ( ICAP = 2 ) . 
4 - For information per subregion use the same sequence of numbers 




4.1.3 Beohydrological data 
Node-record 
Record to give per node the elemental geometry and data for the 
tertiary surface water system. 
column -format name description 



























name of record - «NODE 
node number 
code to define type of node 
groundlevel above datum (m) 
X coordinate (m) 
Y coordinate (m) 
invertlevel of surface water 
system above datum (m) 
waterlevel in surf, system (m) 
drainage resistance (d) 
Remarks 
1 - Code to define the node : 
0 s internal node ( or may be blank ) 
1 = node on boundary 
2 - The data for the surface water system is only required when 
ISURF is 4 or 5. 
3 - For ISURF * 4, no drainage resistance is required, it will be 
calculated by the program dependent on the groundwater depth 





Record to give the properties of the soil 
No anisotropy 






















name of record - «CDCT 
node number or subregion number 
hydraulic conductivity ( kD ) , 
only for aquifers <m/d) 
thickness of layer (m) 
vertical resistance - only 
C-layer (d) 
specific yield , 
specific storage (m ) 
Remarks 
1 - Depending on the value of the parameter IANS : 
IANS = 1 - above data required only per layer ( starting 
Mith top-layer ) 
IANS = 3 - above data required per subregion and per layer 
( subregions in the same sequence as 
subregion-record ) . 
IANS = 5 - above data required per node and per layer 
2 - Node numbers must be given in the same sequence as in the 
node-records. 
3 - The thickness of a layer is not required for a C-layer, except 
for the toplayer where it is always required. 
4 - The specific yield is only required for the toplayer. 
5 - The specific storage is required for all layers, except the 
toplayer. 
6 - For information per subregion use the same sequence of numbers 


































name of record - *CDCT 
node number or subregion number 
angle between CI and X-coordiate 
first principle conductivity 
second principle conductivity 
thickness of layer 











1 - Depending on the value of the parameter IAN5 : 
IANS = 2 - above data required only per layer ( starting 
with top-layer ) 
IANS = 4 - above data required per subregion and per layer 
( subregions in same sequence as in 
subregion-record ) 
IANS = 6 - above data required per node and per layer 
2 - Node numbers must be given in the same sequence as in the 
node-records. 
3 - The variables SANG, CI, and C2 are only required for aquifer 
layers ( see layer-record ) . 
4 - For the definition of SANG, CI, and C2 see figure 6. 
5 - The thickness of a layer is not required for a C-layer, except 
for the toplayer where it is always required. 
6 - The specific yield is only required for the toplayer. 






Figure 6 - Variables to define conductivity 
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Secondary system-record ( ISEC = 1 ) 
Record to give details on the secondary surface water system. 
Record A 
column format name description 
1- 5 A5 TEXT name of record - «SECS 
6-10 15 NUMSS number of nodes with secondary 
surface water 
Record B 
column format name description 
1- 5 A5 TEXT name of record - «SECS 
6-10 15 NI node number 
11-20 512 LY.K) layer affected ( 0 = all ) 
21-30 F10.0 RADRESO radial resistance (d/m) 
31-40 F10.0 ENRESO entrance resistance (d) 
41-50 F10.0 TALSCO angle of side slopes <deg) 
51-60 F10.0 WIDBSCO bottom width at invert (m) 
61-70 F10.0 L E S C O total length of ditch in area 
represented by node (m) 





Record to give the elemental node numbers 
























node 1 ( only for quadrilateral 
element ) 
Remarks 
1 - Number the nodes per element in an anti-clockwise direction 
< see figure 7 ) . 
2 - Triangular and/or quadrilateral elements can be used to 
subdivide the domain. 
k = l 
Figure 7 - Node numbering of the finite elements 
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4.1.4 Time dependent date 
Ti me-record 












name of record - «TIME 
time for next input data (d) 
Remark 
Time to be used must be sequetial. 
Time must coincide with calculation time ( note in this respect 
the ti mestep ) . 
The last time-record must have a value, which is higher then the 
maximum time as given in the criteria-record. 
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Record B 

















name of record - »NONS 





1 - Code to define the type of input 
3 -
1 = Head 







VAR = 0.0 cancell prescribed head 
VAR i 0.0 new prescribed head 
LY1 = 0 all layers 
( internal or boundary ) 
VAR = 0.0 cancell prescribed flux 
VAR f 0.0 new prescribed flux(m /d) 
LY1 = 0 all layers 
New watertable in secondary system 
New watertable in surface water system 
No layer number required 
New timestep ( no layer and node number ) 
Create plotfile with data 
LY1 = 0 all layers 
Nl = 0 plot heads 
Nl = 1 plot change in head from beginning 
New rainfall data (mm/day) 
No layer and node number required 
VAR = 0.0 rain stops 
End of input for time under consideration 
The maximum change of head for that node at that particular 
time, to the new prescribed value is 1.50 m. 
Layer-, node number, and the new value must be given only when 
so required by that particular type of code. 
Use as many records 6 as required, but close input always off 




4.1.5 Initial values for hydraulic heads and boundary flows 
A separate file with the information on the initial heads and flow 
terms must be compiled ( see file-record and for example Appendix 
A ) . 
Groundwater depth-record 
Record to give initial groundwater depth as initial heads for all 
nodes and layers. 





name of record - *H* 
groundwater depth (m) 
Remarks 
1 - Enter only a positive value if no head-records are given. 






Record to give per node the initial hydraulic heads for each layer, 
column format name 






















name of record - *HEAD 
node number 
head for 1st layer (m) 
head for 2nd layer (m) 
head for 3rd layer (m) 
head for 4th layer <m) 
head for 5th layer (m) 
Remarks 
1 - Node numbers must be given in the same sequence as in the 
node-record 
2 - If no heads are given the program assumes the hydraulic heads 
to be zero. 
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Flow-record 
Record to give initial cumulative terms of the boundary flows. 
Record A 
column format name description 
1- 5 A5 TEXT name of record - «FLOW 
6-20 F15.0 TFLUN cumulative flow to unsaturated
 3 
zone (m /d) 
21-35 F15.0 TFLTS cum. flow to surface water -
system (m /d) 
Record B 
column format name description 


















name of record - «FLOW -
cum. flow to secondary system (nu/d) 
cum. leakage flow (m./d) 
cum. dis/recharge (m./d) 
cum. storage loss (m./d) 
cum. lateral inflow (m /d) 
Remarks 
1 - If no flows are given, the program assumes the values to be 
zero. 
2 - Use as many records B as there are number of layers ( see 
number-record ). 
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4.1.6 Contact points 
The contact points can be derived from the elemental node numbers. 
With the aid of the program FEKSIN this information can be 
collected. The -file with geohydrologi cal data ( see file-record ) 
is required. Information not relevant for the compilation of 
contact points is skipped in this file. For this purpose a number 
of records skipped must be specified. For further information on 
how to run this program see the example in Appendix B. 
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Steady flow ( FEMSATS ) 
The actual difference between the input data for the steady flow 
situation is discussed here. In Table 2 per record type the 
difference between steady and unsteady flow calculations is 
summarized. Subsequent only the records which are different or new 










i denti cal 
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The program FEMSATS requires the same datafiles and gives the same 





Record to input the number of nodes, elements, layers, subregions, 
the node interval while printing results, the maximum number of 
iteration per timestep and the tolerance in head per timestep. 

























name of record - *6NRL 
number of nodes 
number of elements 
number of layers 
number of subregions 
interval between nodes for printing 
results 
maximum number of iterations per 
timestep 




Record with options to controll various activities of the programme, 















































d e s c r i p t i o n 
ame of record - *ENRL 
- over-relaxation 
- not used 
- output of data and results 
- subregions 
- output of results per node or 
subregion 
- anisotropy 
- surface water system 
- secondary system 
- capillary rise 
- rainfall data 
Remarks 
1 - The error messages of the option refer to the numbers given in 
the description. 
2 - A full description of the option parameters and their meaning 
is given in paragraph 3.1. 
3 - If the parameter is not given in your data deck the program 
takes the standard option. 
4 - The standard options are : 
ICON = 1 
IPLR = -
IPRI = 1 
IREG = 0 
1RES = 1 
IANS * 1 
ISURF * 0 
ISEC * 0 
ICAP = 0 





Record to give information on type of layer ( aquifer or aquitard ) 
and the creation of datafiles for plot of isolines. 





























name of record - «GNRL 
code for toplayer 
code for second layer 
code for third layer 
code for fourth layer 
code for fifth layer 
code for creation plot-file 
layer number for plot results 




Code to define type of layer : 
0 = aquifer 
1 = aquitard ( C-layer ) 
Two aquifer layers must be separated by an aquitard. 
The bottom layer may not be an aquitard. 
Code for creation of plotfile s 
0 = no plot 
1 - create plotfile for isolines 
If the layer number is zero, than results from all layers will 
be written to file ( FEMSATS.PL1 ... FEMSAT.PLn ) 
Code for type of results : 
0 = hydraulic heads 
1 = change in head from beginning 
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Record to enter rainfall data. 
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column format name 
1- 5 A5 TEXT 
11-20 F10.0 RAIN 
descripti on 
name of record - «RAIN 
net rainfall (mm/d) 
Discharge-record 
Record to enter extractions or recharge for internal nodes as well 
as boundary nodes. 





















1 - Maximum number of discharge-records is 150. 
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Conducti vity-record 
Record to give the properties o* the soil 
No anisotropy 






















name of record - *CDCT 
node number or subregion number 
hydraulic conductivity ( kD ), 
only for aquifers (m/d) 
thickness of layer (m) 
vertical resistance - only 
C-layer (d) 
specific yield 
specific storage (m~7 
Remarks 
1 - Depending on the value of the parameter IANS : 
IANS = 1 - above data required only per layer ( starting 
with top-layer ) 
IANS = 3 - above data required per subregion and per layer 
( subregions in the same sequence as 
subregion-record ) . 
IAN5 = 5 - above data required per node and per layer 
2 - Node numbers must be given in the same sequence as in the 
node-records. 
3 - The thickness of a layer is not required for a C-layer, except 
for the toplayer where it is always required. 
4 - The specific yield is only required for the toplayer. 
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name of record - «CDCT 
node number or subregion number 
angle between CI and X-coordinate 
<deg) 
first principle conductivity 
second principle conductivity 
thickness of layer 











IANS = 2 




















the value of the parameter IAN5 : 
above data required only per layer < starting 
with top-layer ) 
above data required per subregion and per layer 
( subregions in same sequence as in 
subregion-record ) 
above data required per node and per layer 
must be given in the same sequence as in the 
SANG, CI, and C2 are only required for aquifer 
layer-record ) . 
ition of SANG, CI, and C2 see figure 6 of paragraph 
ness of a layer is not required for a C-layer, except 
toplayer where it is always required. 
fie yield is only required for the toplayer. 
fie storage is required for all layers, except the 
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5. AUXILLARY PROGRAMMES 
The program FEMSIN contains various data mangement routines. These 
routines are support software for data collection and for 
presentation of calculation results. In the following paragraphs 
these routines are discussed. 
5.1. Contact points 
The contact points are the adjacent nodes j of node i. The file 
with contact points can be made with the data from the 
element-records. In program FEMSIN an option is present, which 
determines this data in an interactive way. The running of this 
program is self explaining. A print-out of the questions and 
answers is given as part of the example in Chapter 7. 
5.2. Plot programmes 
The programmes FEMSAT and FEMSATS have options to write results to a 
file for subsequent plotting of these results. These plots can be 
produced if calculation results are stored ( see plot-record and 
time-record ) . 
5.2.1 Time-hydraulic head graphs 
Program FEMSIN has an option with which you can select results from 
certain nodes or subregions from file FEMSAT.PRS and merge this with 
measured data. With the program GRAFIEK < SMIDT, 1982 ) one can 
produce one graphs for calculated and measured data. In this way 
one can easily verify the model. The way these programmes work is 





A program PL0T2D is available to produce isolines with the package 
DI3000. For plotting results we have to use a routine from the 
program FEMSIN to select the coordinates from one -file and add the 
results from another file. This program allows you to enter a scale 
and certain other options which will be used to produce the plot in 
certain ways. The results from the example are shown in figure 9 
and the actions that has to be performed are given in Appendix D. 
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6. CALCULATION TIME 
6.1. Unsteady flow 
The time which the program requires depends on the geometry of the 
element network, the changes in hydraulic head over the timesteps 
and the number of nodes and layers. These are the primary factors 
which influence the calculation time. 
The calculation time has been obtained for running the program on a 
VAX 11/750 computer. Where the time is given in seconds CPU per 
node, per layer and per timestep ( 10 iterations per timestep ) : 
50 nodes : 0.010 - 0.013 sec CPU 
400 nodes : 0.00B - 0.009 sec CPU 
These figures should be seen as a rough indication and not as exact 
figures. The program requires in general 5 - 10 iterations per 
timestep. When large differences in flow over a timestep will 
occur, then one should take into account that approximately 12 - 15 
iterations will be required. 
6.2. Steady flow 
The number of iterations depends on the difference in hydraulic head 
between the initial assumed values and the final results. The 
stopping criterium is also important for the number of iterations 
that the program will require. One should account for 100 - 150 
iterations before an acceptable waterbalance is reached. This 
waterbalance is reached by setting the tolerance in hydraulic head 
between 0.001 - 0.0005 m. 
The calculation time can be calculated from the data below 





7.1. Input data 
The •finite element model requires a schematizati on into a number of 
layers with the same characteristics ( aquifers and aquitards ) . 
Each layer is subdivided into a finite number of elements ( see 
figure 8 ) . The region shown in figure 8 is the schématisation used 
for the Southern Peel project. 
The standard relation as shown in figure 3 have been selected to 
describe the interaction with the surface water system. 
A capillary rise function as given on page 2 of the output was used 
to describe the flux to the unsaturated zone. 
For 35 days a rainfall of 4 mrn/d have been used, starting 14 days 
from the beginning of the calculations. 
The initial hydraulic heads have been set to 0.50 m below 
groundlevel 
All the input data as present in the files FEMSAT.DAT, FEMSAT.NDE 
( geohydrological data ) and FEMSAT.HDS is given in Appendix A. In 
Appendix B the compilation of contact points with the aid of the 
program FEMSIN is shown. 
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7.: Results 
The results of the program FEMSAT with the input data as discussed 
in paragraph 7.1. is given in Appendix C. The iteration data which 
is written to file FEMSAT.ITR is also shown in this Appendix. 
7.3. Plotting of results 
In figure 9 the isolines are plotted for a time 63 days from the 
beginning. With these type of results one can easily verify the 
results with measured data. 
The change in hydraulic head over the calculation period is plotted 
as time-hydraulic head graphs. An example is shown in figure 10. 
If one plots measured and calculated point values, one can check the 
adopted boundary conditions, such as drainage or capillary rise 
relations. 
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SCALE 1 5 0 0 0 C [ 
FIGURE B 
Figure 9 - C a l c u l a t e d i s o l i n e s for t ime = 63 d 
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Figure 10 - Time-hydraulic head graphs for nodes 83 and 255 
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area representative for node 
storage vector 
bottomwidth of channel 
hydraulic ( vertical ) resistance 
depth of channel 
thickness of layer 
hydraulic head 
change in hydraulic head per timestep 













waterdepth in channel 
weighting parameter 
constant or geometry factor 





Appendix A - Input data for program FEMSAT 
File : FEMSAT.DAT 
V A / ^ v AV- " 
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change of timestep 

































































































































































































































































































































































































































































































































































































































Appendix h - Compilation of -file with contact points 
PROGRAM F E M S I N 
#»*•* DATA MANAGEMENT PROGRAM #***« 
WHICH SUB-PROGRAM ? 
0 s end of program 
1 = compile file with contact points 
2 = data management for time-head graphs 
3 = data management for plotting isolines 
4 = calculate absolute deviation 
5 = 
SUB-PROGRAM — ? 1 
COMPILE FILE WITH CONTACT POINTS FOR 6R0UNDWATER MODEL 
from which file has to be read ? FEMSAT.NDE 
to which file has to be written ? FEMSAT.CON 
triangular elements only ( y or n ) ? Y 
no. of records skipped before reading node no. ? 0 
how many node numbers are present ? 404 
give for node numbers the format ? 5X,I5 
no. of records skipped before reading elements ? 1616 
how many elements must be read ? 74B 
give for element no. and node points the format ? 5X,15,315 
THE BANDWIDTH IS = 10 
FOR NODE = 173 























































































































































































Appendix C - Results of calculations 
P R O G R A M F E M S A T 
< VERSION : 0 8 - 8 4 ) 
FINITE ELEMENT MODEL FOR UNSTEADY QUASI 3-DIM. GROUNDWATERFLOW 
PROGRAM DEVELOPPED BY : 
THE INSTITUTE FOR LAND AND WATER MANAGEMENT RESEARCH 
WAGENINGEN» THE NETHERLANDS 
USER MANUAL - EXAMPLE 
CALCULATIONS FROM 1 APRIL TO 1 JULY 
NUMBER OF NODAL POINTS 
NUMBER OF ELEMENTS 
NUMBER OF LAYERS 
NO OF SUB-REGIONS 
NO OF NODES SKIPPED WHILE PRINTING RESULTS 
MAX.NUMBER OF ITERATIONS PER TIMESTEP 
TIME TO START EXECUTION 
INITIAL TIME INTERVAL 
MAXIMUM TIME 
TIME INTERVAL BETWEEN OUTPUT RESULTS 
WEIGHTING PARAMETER TETA < 0. 0 - 1.0 > 
MAX. ALLOWABLE CHANGE IN H PER ITERATION 


























ICON = 1 IANS = 1 
IPLR « O ISURF • 1 
IPRI - 2 ISEC = O 
IREG = 1 ICAP = 4 
1RES = 1 IRAIN = O 
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V 6 r S l D r. 2,1 
Peb. i9Ec 
Appendix D - Compilation ci plots 
Time-head graph 
PROGRAM F E M S I N 
«#««* DATA MANAGEMENT PROGRAM ***** 
WHICH SUB-PROGRAM ? 
0 s end of program 
1 = compile file with contact points 
2 = data management for tine-head graphs 
3 = data management for plotting isolines 
4 = calculate absolute deviation 
5 = 
SUB-PROGRAM ? 2 
TIME-HEAD GRAPHS 
WHICH SUB-PROGRAM ? 
1 * graphs for groundwater system 
2 = graphs for surface water system 
3 = create option file for program GRAFIEK 
SUB-PROGRAM ? 1 
6R0UNDWATER SYSTEM 
0 = end of sub-program 
1 = merge calculated data with measured data sets 
2 = create data file with calculated data only 
3 = 
SUB-PROGRAM ? 1 
give filename with calculated data ? FEMSAT.PRS 
give filename with measured or merged data ? N140.DAT 
write results to file ? GRAFIEK.DAI 
99 
THE NODE OR SUBREGION NUMBERS ARE : 
NUMBER : 83 83 150 150 255 255 0 0 0 0 
LAYER : 1 2 1 2 1 2 0 0 0 0 
enter number of points for plotfile ? 2 
enter node or subregion and layer number ? 83,1 
enter node or subregion and layer number ? B3,2 
CALCULATED DATA CONTAINS : 
1 = heads 
2 = heads + drainage flux • water levels 
ENTER CHOICE ? 1 
do you want to merge calculated with already 
«erged data file ( yes = 1, no = 0 ) ? 0 
number of arrays in file with measured or merged 
data — ? 2 
enter format of measured data ( 16X,15,BF7.0 ) 
»erged data < 2X,F8.0,8F8.0 ) ? 16X , I5,F7.0,7X,F7.0 
GROUNDWATER SYSTEM 
0 « end of sub-program 
1 * merge calculated data with measured data sets 
2 * create data file with calculated data only 
3 = 
SUB-PROBRAM ? 0 
WHICH SUB-PROGRAM ? 
0 - end of program 
1 * compile file with contact points 
2 = data management for time-head graphs 
3 * data management for plotting isolines 
4 = calculate absolute deviation 
5 = 












PROGRAM F E M S I N 
DATA MANAGEMENT PROGRAM •**»* 
WHICH SUB-PROGRAM ? 
0 e end of program 
1 = compile file with contact points 
2 » data management for time-head graphs 
3 = data management for plotting isolines 
4 e calculate absolute deviation 
5 * 
SUB-PROGRAM ? 3 
DATA MANAGEMENT FOR DI3000 
TYPE OF DATA MANAGEMENT ! 
0 - end of input 
1 - merge coordinates with calculations results 
2 - make file with control parameters and options 
3 - test coordinates on specified distance to each other 
4 - select coordinates inside specified boundaries 
SUB-PROGRAM ? 1 
give filename with co-ordinates ? FEMSAT.NDE 
give filename with plot data ? FEMSAT.PL1 
give filename for output ? PL0T2D.DAT 
give number of coordinate points to be read ? 404 
how many rec. skipped before actual reading ? 0 
give format : node , X-coord. and Y-coord ? 5X,I5,20X,2F10.0 
give number of records with Z-values ? 404 
101 
hoN «any ree. skipped before actual reading ? 0 
give format : node no and Z-value ? SX , 15,5X , F10. 0 
node numbers all sequential upwards ( y or no ) ? Y 
give label to identify data ( ma* 32 char ) - ? USER'S MANUAL 
THE MINIMUM AND MAXIMUM COORDINATES ARE : 
XMIN * 174168. , XMAX * 197083. , YMIN = 364869. , YMAX * 393596. 
I 
I 
data written on file : PL0T2D.DAT 
TYPE OF DATA MANAGEMENT : 
0 - m d of input 
1 - merge coordinates with calculations results 
2 - make file with control parameters and options 
3 - test coordinates on specified distance to each other 
4 - select coordinates inside specified boundaries 
SUB-PROGRAM - — — ? 2 
give filename for options ? PL0T2D.0PT 
node ( 1 - 5 ) - ? 5 
SUBROUTINE TO BE USED : 
1 - JSSC1 
2 = JSSC2 
3 = JSSC3 
4 = JSSM1 
5 = JSSAXS 
ENTER NUMBER ? 3 
scale ( 1 : .. ) ? 50000 
give contourlines 
lowest, highest and interval ? 15.0,34.0,1.0 
102 
